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Anatomy of the ear

• The ear divided into three sections:
- the outer
- Middle 
- Inner ear

The outer ear is terminated by the eardrum (tympanic membrane).

Sound waves entering the auditory canal of the outer ear are directed into 
the ear drum and cause it vibrates.
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 The vibrations are transmitted by the middle ear, and air filled section 
comprising a system of three tiny bones, the malleus, incus, stapes, to the 
cochlea (the inner ear).

The cochlea is a aspiral of about 23/4 turns which unrolled would be about 
3.5cm long.

The cochlea consists of three fluid-filled sections 

One, the cochlea duct, is relativily small in cross-sectional area, and the 
other two, the scala vestibule and scala tympani are larger and roughly 
equal in area.
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• The scala vestibule is connected to the stapes via aval window

• The scala tympani terminates in the round window which is a thin 
membranous cover allowing the free movement of the cochlear fluid

• Running the full length of the cochlea is the Basilar Membrane (BM) 
which separates the cochlea duct from the scala vestibule.
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It has been shown by 
Bekesey (1960) that when 
the vibrations of the 
eardrum are transmitted by 
the middle ear into 
movement of the stapes, 
the resulting pressure 
within the cochlea fluid 
generates a travelling wave 
of displacement on the 
basilar membrane.

The location of the maximum 
amplitude of this travelling 
wave varies with frequency of 
the eardrum vibrations.

The response of the BM at an 
instant of time to a pure tone at 
the stapes is schematically 
shown below

Video 
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http://www.youtube.com/watch?v=dyenMluFaUw


 The basilar membrane varies in width and stiffness along its 
length

 At the basal end it is narrow and stiff whereas towards the 
apes it is wider and more flexible.

 The maximum membrane displacement will occur at the 
stapes end for high frequencies and at the far end (apex) for 
low frequencies.

Cochlea Base
3.5cm

x

Cochlea apex
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 The wave motion along the BM is governed by the 
mechanical prosperities of the membrane and 
hydrodynamic prosperities of the surrounding fluid (scalas) 

apex
base

5000Hz
500Hz

stapes

Scala tympani

Scala 
vestinibi

 It appears that each point of the BM moves independently 
(i.e. a point on the basilar membrane is assumed to have no 
direct mechanical coupling to neighboring points).

However, the neighboring points are coupled through the 
surrounding fluid
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Parallel Filter Bank Model
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Sound pressure level

Atmospheric pressure is approximately 15 lb/in2 or 1 bar. A variation 
of one millionth of the atmospheric pressure (or 1 micro bar) is an 
appropriate stimulus for hearing. Such a pressure variation is 
generated in normal conversation by the human voice.

The minimal level of pressure changes to which man is sensitive is 
well over 0.0002 microbars.

A figure commonly used at the upper limit of hearing is 2000 
microbars.
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 At this upper limit, acoustic stimulus is accompanied by pain. 
We know,

 Since acoustic power is directly related to the square of 
acoustic pressure,

i

o

P

P
powerdB log10)( 

]/log[20])/()log[(10)( 22

iooo PPpPpressuredB 

Pi is commonly taken as 0.0002 micro bars (at or below the 
threshold for hearing)

Given an upper limit Po as 2000 microbars, the Sound 
Pressure Level (SPL)of an acoustic  stimulus is:

dBbarsbarsSPL 140)0002.0/2000log(20  
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 The human auditory system is often modelled as a filter bank which is 
based on particular perceptual frequency scale.

 These filters are called ‘critical-band’ filters

 From the point of view of perception, critical bands can ne treated as 
single entities within the spectrum.

 Signal components within a given critical band can be masked by other 
components within the same critical band.

 This is called intra-band masking.

Auditory Masking
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 In addition, sounds on one critical band can mask sounds in different 
critical bands.

 This is called inter-band masking.

 While the masking process is very complex and only partially understood, 
the basic concepts can be successfully used in audio compression systems, 
so that better compression is achieved.

 Many people have examined the human auditory system and have 
concluded that the ear is primarily a frequency analysis device and can be 
approximated by a bandpass filters (known as the critical-band filters).

 Twenty five critical bands are required to cover frequencies of up to 20KHz.
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 These filters may be spaced on a perceptual frequency scale known as ‘Bark scale’

 Experiments on the response of the basilar membrane in the ear have shown a 
relationship between acoustical frequency and perceptual frequency resolution

 A perceptual measure, called the Bark scale, provides the relationship between the 
two.

 The relationship between the frequency in Hz and the ‘critical band rate’ (with the 
unit of Bark) can be approximated by the following equations.
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 Zv (Bark) = 13.0tan-1(0.76f)      f<1.5KHz

 Zv (Bark) = 8.7 + 14.2log10(f),    f>1.5KHz

 Where f is the frequency in KHz and Zv is the frequency in Barks. Figure below 
shows a plot of Barks vs. frequency (in KHz) up to 4 KHz
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 Critical bandwidth is roughly constant at about 100 Hz for low 
frequency (<500Hz)

 For high frequencies, the critical bandwidth increases reaching 
approximately 700Hzat center frequencies around 4KHz.

 25 critical bands are required to cover frequencies of up to 20KHz.
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Later on
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The effect of masking plays a very important role in 
hearing. It can be differentiated into two forms:

 Simultaneous masking (in Frequency)

 Non-simultaneous masking or Temporal masking (in 
time) 

Masking
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 An example of simultaneous masking would be the case where a person 
is having a conversation with another person where a loud track passes 
by. In this case, the conversation is severely disturbed and to continue the 
conversation successfully, the speaker has to raise his voice to produce 
more speech power and greater loudness.

 In music, similar effect take place when different instrument can mask 

each other and softer instrument become only audible when the loud 

instrument pauses.

Simultaneous Masking
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 Masking is usually described in terms of the minimum sound-pressure level 
of a test sound (a pure tone in most cases) that is audible in the presence of 
a masker.

 Most often, narrow-band noise of a given centre frequency and bandwidth is 
used as a masker.

 The excitation level of each masker is 60 dB.

 Comparing the results produced for different centre frequencies of the 
masker, we find the shapes of the masking curves are rather dissimilar 
irrespective of the frequency scaling (linear/log) used.
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 Nonsimultaneous masking is also referred to as temporal masking. 
Temporal masking may occur when two sounds appear within a 
small interval of time.

 Two time domain phenomena play an important role in human 
auditory perception:

 Pre-masking

 Post-masking

Nonsimultaneous masking
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 When the signal proceeds the masker in time, the condition is called 
post-masking; when the signal follows the masker in time, the condition 
is pre-masking, 
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